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Abstract: To evaluate the influence of the frequent large-scale regional photochemical pollution events on the background
atmosphere in South China during the National Day holiday, continuous online observations of peroxyacetyl nitrate (PAN) a
representative product of photochemical pollution, were conducted for the first time at Nanling National Atmospheric Background
Monitoring Station in Guangdong, around the National Day of 2018 (September 19™~October 19™). The concentration
characteristics and sources of PAN were also analysed. The average volume concentration of PAN during the period was (0.66 +
0.54) x 10, with the maximum value of 2.33 x 10, which was significantly higher than other background sites in China and
abroad ((0.21 ~ 0.44) x 10°%), and the concentration at night was constantly high. Additionally, PAN correlated well with O5 (» =
0.90) and NO, (r = 0.87), and the atmospheric background volume concentration of O; was estimated to be (46.22 + 0.65) x
10°by a linear fitting method, indicating that the photochemical reaction at Nanling was active. As a result of the regional
photochemical pollution events, the concentrations of PAN at Nanling site increased significantly during the National Day holiday,
reaching (1.18 + 0.45) x 10 ?, while NO/NO, ratio decreased during the same period, resulting in a prolonged atmospheric lifetime
of PAN and contributing to local accumulation of PAN. Combining the backward trajectory of the air mass, the distribution of
potential sources and the nationwide distribution characteristics of the precursor NO,, it was found that the high concentration of
PAN during the National Day holiday at Nanling site mainly came from Hunan, Hubei, Henan, Jiangxi and other central regions
of China.
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Table 1 Comparison of average and maximum concentrations of PAN measured at the Mt. TJ with previous studies at various sites
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2.2 PAN 5ILAhy5 48 &

221 PAN 5 O; R ARMT  RMEAGH: Ik
A=), PAN 1 Os 1345 R HT AP (41 NO,
#5> VOCs). O [FRIFAHRT Bk & B AR A2 b
W, M ReE 1k PA H 3L (CH;CO) ) VOCs
fiE 2 5 75 Bl PANP?LHIFST U 18] PAN AT O (117N IR B4
SR I A AH S5 ME (7=0.898)(J] 3(a)), 76 1] PAN FlI
Os IR SE A [, W AR AL AT AR 4 IR S A2 S N A
JSC T TR X 35 1) % 1B R AT (7=0.33)PAN Al O;

[ AH A BE A T [ R A (r=0.82) FIT [E FX Ji5 (7=0.72).

W FE] DR A0 5 IO PR B 45 AR 1, 2l KRS e
SRR SR KB B X AL . A
Uit T2 R B IE A AR S e, 5 e % B
[F] f) 25 BRI AR AT . 1y [ D mb ORI B R RE 2 22
THIESES AT SNSUAITEE RS €S d 21 Nil)
AT

=
o

PAN/O; FLAE AT 35 < I (i 7024 o
18], PAN/O; HIELME N 0.019(E 3(@)), #1824 100x
10 °0; LGk 27 SN AR R, 204 1.9%10 "PAN &
1. 1% BRI T 5 i 34 1 X 22 445(0.02~0.08) ), 4
i DX T 5% U L (0.028) F1 45 7 (0.043~0.058) 1,
LBk = AA LG 0 381X 3 7 4 58 (0.015~0.029) 4 HL 4
S B i I S e v T G S O 1 BC LG
(0.004) ) A 739 75 (¥ 2, 6 D 1 ) PAN/O; 2 0.025,
T 376 f T 1 PR AT EE AR (0.004). K I L i Sk AR A
T8 g A 38 1) AR A HEL DX LA R AT o 2 R e Ak 2
¥ % W R EE T N YN BN RS TR (@)
T 5l 2575 G R I B S Wi 45 K. LR = £ 30
TIREME A DU RN 0 2 — AT BE R A% T AN
A ZARIVEH.

A LU I O5/PAN #REE AL O3 IR SHS SOR .
AT 3(b))FRE UL R 25 5 O5 T 50k EE N



2498

T

2
%

41 %%

(46.22 +0.65)x10° WA Vingarzan " Hi#, 1Lk
LEHLIX R O 4E P AR ACTAE 20%10 °~45%10 °
2 1), 3 H PLRESE 0.5%~2% [R5 FE 39 0 1 Ah, A R X
5 S EEIH (1994~2018 4EIA]R 0.35x10 /) 1Al
ZRIM(2005~2014 EFKZE N 0.67x10 °/a) Ky O5 K
BRI I R A TR AR O3 KA Sk B4
REARR TR E M 77 1 X I 5 05 K P

2.2.2 [EPRIMAM PAN 5 NO, R ML
A ()~EB)TE H, PAN 1125 NO,. NO % VI
K. PAN 5 NO, AHIGHEWNE] 3(0) 7, iF 5T 1 TH] PAN
5 NO, th 75 11 98 0 AH 5C 1% (7=0.87), 1M1 & X
(r=0.77) W& B4 AK T 18 DA (7=0.79) M1 K J5 (7=0.90).
FW— 2R L, PAN (2R 3 BT NO,, 1fi 3
ESWE NS PSS E LR PR CIN AT S S HE PN
1R TIHNEAT BRI AT NO, W AL A% T

- EERH]
(a) PAN vs O,
fif: [PAN]=0.004[0,]+0.001, r=0.326, P<0.05 o
th: [PAN]=0.025[0,]-1.33, =0.816, P<0.05 © o,
2.0F 5. [PANJ=0.019[0,]-0.69, r=0.724, P<0.0S
#: [PAN]=0.019[0,]-0.77, 1=0.898, P@Q‘B@ °
L 15t ‘ S0 ©
X
Z 10}
[=9)
0.5
0.0=
20 140
0, (x107)
12 (¢) NO, vs PAN
iif: [NO,]=3.20[PAN]+1.03, +=0.791, P<0.05
1oL i [NO,J=1.97[PANI+0.998, r=0.771, P<0.05
JG: [NO,|=2.91[PAN]+0.74, 1=0.896, P<<0.05
gl  #: [NOJ=195[PANJ+1.17, =0.869, P<0.05
e |
:? I
X 6 " o
) ° 5 QJ‘OOIQQDOO% OE%?OGO b
Z o4 e W@ﬁe@%@%ow °
[T © °
2 ~ B ’-P'L_‘,LF &. ' ooo o
0 1 1 1 1
0.0 0.5 1.0 1.5 2.0 2.5
PAN (x10%%)

o

15 FH AL e 25 7T g 7 20 NO, WL A2 31 HNO;.
PAN i HABE MR T4 NO, B 0 B = 1) i
T8 X B AR AKX, HNO; FI1 PAN A GEXT NO, fr1il]
B AR RS, T2 N O, R 1 i i) DR,
X AT RE S i BT PAN M1 NO, AR eI 22 5
R 2 —.

PAN 5 NO/NO, I 5 ¢k R (B 3,
r=0.69),1X 5 PAN [W# R/ R B (3),
NO/NO, HEBAE,PA H ALt 5 NO V) LB
AR 2 1) PA B H3ES 535 NO, IRV, B
& B PAN.PAN F1 NO/NO, (] B 3 4 :[PAN]=
0.069[NO/NO,]+0.10,7=0.63,P<0.05). 4R, =ik [ PAN
T HILAE NO/NO,y HUAERAR I g B sE T
NO *} PAN LFRHEEAEHLANIFERING PAN
NO, [R5 HAb sz s X (KR ol — 45,

[ K LN
b) O; vs PAN
140 0%
o
o %ég OO o
120 ° o @’ 080 o
°'s:'o‘. W C‘gg‘; o©
100} o BB of g ok
—~ .‘:"' 5 ©
Q;O 000‘730 C%u ‘D%% !
X 80t %%9. ! 'p
< . ,ng‘l‘ or 19 ol
O"" e i ! Idu' | '
60 - 1 — g L' ! |“|
= _."f}:-_ﬁu: [04]=27.07[PAN]+46.26, r=0.326, P<0.05
o - i [0,]=26.83[PAN]+69.30, r=0.816, P<<0.05
401’;@'_’ - Ja: [04]=27.85[PAN]+49.36, r=0.724, P<0.05
” - M [05]=41.50[PAN]+46.22, r=0.898, P<0.05
0.0 0.5 1.0 1.5 2.0 2.5
PAN (x10”%)
s (d) PAN vs NO/NO,
(o]
20k I [PAN]=-0.47[NO/NO,]+0.34, r=-0.361, P<0.05
’ #1: [PAN]=-5.76[NO/NO,]+1.68, r=-0.360, P<0.05
— J&: [PAN]=-1.96[NO/NO,|+1.01, r=-0.689, P<0.05
S L5fq £ [PAN]=0.069/[NO/NO,]+0.10, r=0.628, P<0.05
X
Z 10}
o
0.5
0.0 = Tifi‘ H‘H." .
0.0 0.2 0.4 0.6 0.8 1.0
NO/NO,(10°/107)

3 MEKE. . 5 (a) PAN 5 05, (b) O35 PAN. PAN 5(c) NO, LA (d) NO/NO, ¥ 5 B 5304 i 2
Fig.3 Scatterplots showing the relationships between (a) PAN andO;, (b)O; and PAN, PAN and (c)NO,, (d)NO/NO, at the Mt. TJ,
respectively, before, during and after the holiday

2.2.3 PAN Hiifk#) PA HHZECR Wil 4 fr

7, FSE I E] PA A R 48 4 (0.10£0.07)x10 2,

YU 4(0.02~0.42)x10 2 [ P rf PA [ i SEARRRIRE
(0.15£0.07)x10 ", 7 T [E X i1 (0.08+0.04)x 10> F1 [H



[ PR TR) m 0 1 5 KR PAN IR B R AE 5 kU 2499

PRI (0.005£0.03)x10 2. — ki, PA [ HHLK % 1
DRI b AHAS A ERAT . s 5 PA A kS
KA B W LI ) A7 — o 22 5%, 20 il AE 13:0000.23+
0.005)x10"2, 15:00(0.42:0.09)x10 "2 F1 21:00(0.18+
0.05)x10 "2 I SCHTIE, Tl NO, W #mi i,
TECPA H IR EPARAL AR H AT PA
TR AR AR B i e T BR = AR AR 3 (2012 4 5
H~10 J1:0.072x 10 )PP o [ PG g 20 X 3k 142012
E 12 H: (0.002~0.023)x102]P% . 26 [H A ki 2%
H HERE[1997 4 8 H: (0.002~0.003)x10 7151 1)
bk A R R PA ANV T PA B B
T S e 2 SR A DR A SR R R v
FEI) PA I FHBEER WIFE H A1 0 AR DX b A7 1R 58 1
Stk 2 A AL R

PAN ——PA H 3k

0.28
0.261

() 1E BRAT

— 0241
o
X 022p
Z
0.20
=
0.18F

0.16F

(b)[E PR 1030

PAN (x107)

(O SE 10.060

g
& 06 S{25&
S 0.055% | &
L o 3| ©
z =
£ 0.050_120%Z
04 = =
0.3 0.045 115

8:00  12:00 16:00 20:00
i Z)
. J5 PAN 5 PA Fl PAN K i i) H 42
AL
Fig.4 Diurnal variations of PAN. PA radical and PAN lifetime
before, during and after the holiday at Mt. TJ during 19Sep ~
190ct 2018

0:00  4:00

K4 [EPCHT

PA HlEHEBKHDHE OVOC 1 fF Al
OH/NO,/O; 84k, B 2.1 Al £ 8 (GLY).

L 4 E(MGLY) HIE 4 (MVK). &
P (MACR) s ' ZH(MEK)! ) 3 K 2 $ T
—KHTAY VOCs (K484, I 0@ A S 5
RIVRIEI PA B RS 2 BT RE R AR R W) £, 1X )T
TR, 0 I R AR RAR, T LA A = 4,
#1411 MVK,MACR,GLY F1 MGLY H& B8, 1480
R I 38 i I KA AR A PO,
2.3 PAN [ e kU6 70 Bt
2.3.1 PAN [ KA Fdr  PAN [RHNE I B BT
LKA A, Ol AR HOR A 5 PAN (1 KA
r(aR(5)) WL PAN AR AR M T
I AT NO/NO, EEAEPY A A5 5 PAN KA 7
ArIE 9 (21.46£16.11)h,75 [ #£(2.26~84.79) h 2 |f]
(K 4). Hrh, EKHT. F NO/NO, Al #2373 5 A
0.29 Fl0.24; 117 it B2 22 M ALK, 53l R 17.27°C Al
11.26°CIX P I B PAN (1)K 77 dinAH 22340 2 A T
BRI PG KA FF A,y 23.5h( 1 ERHT: 8.2h).
Bl D it B 3B A T B PR W S 2 1] (14.12°C), {H
NO/NO, A (0.08) A+ [ PR i, 2 B BE A (1)
KAFFm(33.380). Ut W — A5 0L 1,24 NO AARFRIK
AR RN PAN KA F7 K R T BRI
ik, 2 KSR NO IR BRI PAN (1) L BRACK
KKIE S FRAE NO, B Z M AR M X NO/NO,
XF PAN KA 1 YoE MR ZEAR NO R
(I EE R A AT PAN K B 4 Fl B8,
Shy [ PGS )8 i 1) PAN IR KT B4 T S ik
232 XHfEd — M ORI B A,
PAN 1] LU ¥5 Y8 X 370 B 25 44 i 211 14 1) i 8 b
DRI NO, PRI 355, AT 5% 0 > b KAk 2 4
SrBHnET SCHTR, B IR T S LXK PANL Os.
NO,. SO, {E[F PR MR I M b KT R I
G5 T R RES2 B AR SR 2L ek 2 ROV AR 1 R
U2 A0 3864 HAb IR A2 il PAN 564k 2575 Ytk
B _ETT v E R HONO 5 R IR FREE N mrk i
PAN (#1500 b — 8 3-J5 1 9 1) A1 R O it
T T ) R AR R ) MR T A I S IR Ak
i S A T R B 5 R L, FE DR i
Ao 2T TS S A b B3 1 i, L il v o 0
J AR VG SRR b M X v ek R v 1 I R A
i), DR 52 5, L/ T A A o 2 v, 2 W 2 31K B
B IR s, L) R b X



2500 oE R OB R %

20N
10°Nf 0 400 800 1200 1600 100 | 10N 0 400 800 1200 1600 oo | 10°N[ O 400 800 1200 1600 1000
e e e ) L 11 m ) .
70°E 80°E 90°E 100°E 110 120°E 130°E 70 80°E 90°E 100°E 110 120°E 130°E T0°E 80°E 90°E 100°E 10°E 120 130°E

K5 ERE. B, JEuh S 720 5 A

Fig.5 The 72-hour backward trajectories of air masses arrived at Mt TJ before, during and after the holiday

PAN (PSCF: ¥{i) NO, (A5 s Ai: B O, (A [H s e YD

50°N|- 50N
40°N[ 40°N|
30°N[- 30N
o
20°N| 20°N
10oNF O 400 800 1200 1600 # i 10N[ 0 400 800 1200 1600 10 10oNf O 400 800 1200 1600 20
———— " i b re—— . il . . ———— " " .
70% 80°% 90°% 100 10 120% 130 70 80°E 90° 100°E 10°E 1206 130°E 70% 80°E 90°% 100 10 120°€ 130%

10oNf 0 400 800 1200 1600 1 10°N[ 0 400 800 1200 1600 ﬁm 10°N[ 0 400 800 1200 1600
km . [ S AT 1 . [ S i

70% 80 90% 100 1109 120 130 70% B0°E 90 100% 110% 120% 130% 70 80 90 100% 0% 120%

50°N[~ 50°N

40°N[ 40°N

30| 30N

200N 20N

4oeNf O 400 800 1200 |a02m ’ i 10eN|- 0 400 800 1200 mim ﬁm 10°oNF 0 400 800 1200 11;0{1'“ ‘30
70 80°E 90°% 100 10 120 Ta0E 70° BoE 90°E 100 ToE 120°E 130 70 80°E 90°% 100 10 120 130

6 FEPKHT. . JEuh sl PAN (¥R TR 73 O3y NO, B 5 42 [ 53 A1

Fig.6 PSCF maps of PAN, as well as the spatial distribution of O3, NO, in China, before, during, and after the holiday

N E— 2 TR R P AT RE PRI SRS DI, 0 P 0 S 303 e R A e X i, A o v F A Y
PAN V5 QWA T IR DT A 0 (B 6). NI 6 AR BT 3T 2 i P84t B MBS0 1) vk 2 PAN <A
P EDRHTS P A IR PAN IS AL SRIESERLE, 2R B R Wb TRIAE X
AT N LR ERRT AT E PR IS PAN =i EE AU O NO, 2l il sl (18 6) Bl i, 5w



[ PR3 TR) g 0 1 5 KR PAN IR B R AE 5 ok U 2501

WRIEI) Os 75 3 T 2 e rp e b [ R 2 RIS Rt X,
L5 iU 1 ) PAN . O et EATDN — S M e
WL NO, T oA A1 J I ) b X A 5 XU 3
N PR AR B RS R NO, L= I Ak
MRt i, et PAN (R0 e W A RS, b 3l 1
I PAN I R AEA ] AR .

3. WFFUHIE], PAN U T Py 2R 4 i Sk
DX, PRIE] PANL O3 NO,. CO il SO, AFH Mk i
0 v T DR AT S, 1 NO M EE . NO/NO, 230 A A
S5, ] PR P g {1 28 WA 3 0 2018 4 [ PRAB Y ) e fk 2%
S BRI b5 G AN B 4 B I DR G R
P 2R

3.2 [HPH PAN HIEHLE R 11:00 I, E K
AU 2h, 1M RS AE 13:00 HEE PAN A1 NO, 25414.3
AN B PAN MR E AT A B iy e BE 7K1 AR ERAR )
DX el 326 A S ZAR ) TTRIR.

3.3 it Os/PAN HILMERIA FRAFuE AL O IR
T FUR T h(46.22+0.65)x10 ° AR T M B X 458 45 5o
(N E=RisZS

3.4 [EHKHTMEKE NO/NO, FuAl 22 HIAS K L
BRI PAN KA dmiK (4001 8.2 Al 23.5h).24
U B 22 AR K (H NO/NO, EUABE AN, PAN K
F WG nCh 33.38h).

3.5 [E PTG G S T EOR IR S YLV
Jb VTR AR X R TR PAN V5 G X
LA AE AR ACRAE FH R A A A A i X AT 8 45 33
WORFE W NOy B, M PKHT . JETs g T4
2 B3k I R R S M XS AU IS Bh .

SE K-

[11 Xue L K, Wang T, Wang X F, et al. On the use of an explicit chemical
mechanism to dissect peroxy acetyl nitrate formation [J].
Environmental Pollution, 2014,195:39-47.

[2] Fiore AM, Fischer E V, Milly G P, et al. Peroxy acetyl nitrate (PAN)
measurements at northern midlatitude mountain sites in April: a
constraint on  continental
Atmospheric Chemistry and Physics, 2018,18(20):15345-15361.

[3] Lee G Choi H S, Lee T, et al. Variations of regional background

source—receptor  relationships  [J].

peroxyacetyl nitrate in marine boundary layer over Baengyeong Island,
South Korea [J]. Atmospheric Environment, 2012,61:533-541.
[4] Singh H B, Salas L J, Ridleyt B A, et al. Relationship between

peroxyacetyl nitrate and nitrogen oxides in the clean troposphere [J].
Nature, 1985,318(6044):347-349.

[S] Yang Y, Wang Y H, Yao D, et al. Significant decreases in the volatile
organic compound concentration, atmospheric oxidation capacity and
photochemical reactivity during the National Day holiday over a
suburban site in the North China Plain [J]. Environmental Pollution,
2020,263:114657.

[6] 2l oy th, ik ik, 552015 45 “A—7 ARl KA G G
WFRMHT (0], T EIEERL2A, 2016,36(11):3218-3226.

Li YT, Wang Z S, An X X, et al. Analysis on a heavy air pollution
process in Beijing during National Day holiday, 2015 [J]. China
Environmenta Science, 2016,36(11):3218-3226.

[7] Jones A M, Yin J, Harrison R M. The weekday—weekend difference
and the estimation of the non-vehicle contributions to the urban
increment of airborne particulate matter [J]. Atmospheric Environment,
2008,42(19):4467-4479.

[8] Tan P H, Chou C, Liang J Y, et al. Air pollution “holiday effect”
resulting from the Chinese New Year [J]. Atmospheric Environment,
2009,43(13):2114-2124.

[9] Pollack I B, Ryerson T B, Trainer M, et al. Airborne and ground-based

observations of a weekend effect in ozone, precursors, and oxidation

products in the California South Coast Air Basin [J]. Journal of

Geophysical Research: Atmospheres, 2012,117(D21):1-14.

JE R AR VKK, 2 5P, 58 2016 KD TIREE R UTR ) “ AR

27 Ko AR [J). HY PR, 2018,34(4):68-76.

Zhou G Z, Song B B, Luo Y P, et al. Holiday effects on ambient air

[10

quality in Changsha during 2016 [J]. Environmental Monitoring in
China, 2018,34(4):68-76.

[11] Wang P, Shen J Y, Xia M, et al. Unexpected enhancement of ozone
exposure and health risks during National Day in China [J].
Atmospheric Chemistry and Physics Discussions, 2021,(1302):1-15.

[12] ¥k #hxIHE3E, 267,55 2018 4F [ RATR S A8 R4S Rl e 4
B[], 245355 TR, 2020,27(1):75-80.

Shen J, Liu Y F, Yan P Z et al. Analysis of ozone pollution process in
Guangdong province around the National Day in 2018 [J]. Safety and
Environmental Engineering, 2020,27(1):75-80.

[13] F@EBLalskTs 2018 45 [ PP MLt R4S Rad B0 4T (3], T
JH4L T, 2020,48(16):111-115.

Guo W Q. Analysis of the continuous ozone pollution process during
the National Day of 2018 in Shantou [J]. Guangzhou Chemical
Industry, 2020,48(16):111-115.

[14] Yu D, Tan Z F, Lu K D, et al. An explicit study of local ozone budget
and NO,~VOCs sensitivity in Shenzhen China [J]. Atmospheric
Environment, 2020,224:117304.

[15] Xu X B, Zhang H L, Lin W L, et al. First simultaneous measurements
of peroxyacetyl nitrate (PAN) and ozone at Nam Co in the central
Tibetan Plateau: impacts from the PBL evolution and transport
processes [J]. Atmospheric Chemistry and Physics, 2018,18(7):5199—
5217.

[16] Zhang J M, Wang T, Ding A J, et al. Continuous measurement of
peroxyacetyl nitrate (PAN) in suburban and remote areas of western
China [J]. Atmospheric Environment, 2009,43:228-237.

[17] Chen P-Y, Tan P-H, Chou C C-K, et al. Impacts of holiday



2502

o[ F

ST
5%

B 41 4

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

characteristics and number of vacation days on “holiday effect” in
Taipei: implications on ozone control strategies [J]. Atmospheric
Environment, 2019,202:357-369.

Qiu Y, Ma Z, Li K. A modeling study of the peroxyacetyl nitrate (PAN)
during a wintertime haze event in Beijing, China [J]. Science of the
Total Environment, 2019,650(Pt 2):1944-1953.

TR SRR, LA RO T OO St S R TR L
WHEFT (] EFIEREE, 2017,37(7):2504-2512.

Zhang S'Y, Gong D C, Wang H, et al. Online measurement of isoprene
at a national air background monitoring station in the Nanling
Mountain, South China [J]. China Envimnmental Science, 2017,37(7):
2504-2512.

Gong D C, Wang H, Zhang S Y, et al. Low—level summertime isoprene
observed at a forested mountaintop site in southern China:
implications for strong regional atmospheric oxidative capacity [J].
Atmospheric Chemistry and Physics, 2018,18(19):14417-14432.
PRAS R, 3T A6, ARl AT, 55 R PANFEZR T RGEMHTE (1], BAC
221 2E, 2016,(5):33-37.

Chen Z Q, Huang W, Hua D Z, et al. Development of on-line analytic
system of atmospheric peroxyacetyl nitrate [J]. Modern Scientific
Instruments, 2016,(5):33-37.

Hu Y J, Fu H B, Bernstein E R. Generation and detection of the
peroxyacetyl radical in the pyrolysis of peroxyacetyl nitrate in a
supersonic expansion [J]. Journal of Physical Chemistry A, 2006,
110(8):2629-2633.

Talukdar R K, Burkholder J B, Schmoltner A M, et al. Investigation of
the loss processes for peroxyacetyl nitrate in the atmosphere: UV
photolysis and reaction with OH [J]. Journal of Geophysical Research:
Atmospheres, 1995,100(D7):14163-14173.

Liu L, Wang X F, Chen J M, et al. Understanding unusually high levels
of peroxyacetyl nitrate (PAN) in winter in Urban Jinan, China [J].
Journal of Environmental Sciences, 2018,71:249-260.

Tuazon E C, Carter W P, Atkinson R. Thermal decomposition of
peroxyacetyl nitrate and reactions of acetyl peroxy radicals with nitric
oxide and nitrogen dioxide over the temperature range 283-313K [J].
The Journal of Physical Chemistry, 1991,95(6):2434-2437.

Atkinson R, Baulch D L, Cox R A, et al. Evaluated Kkinetic,
photochemical and heterogeneous data for atmospheric chemistry:
Supplement V. [IUPAC Subcommittee on Gas Kinetic Data Evaluation
for [J]. environmental,
1996,30(22):3903-3904.

Stein A F, Draxler R R, Rolph G D, et al. NOAA’s HYSPLIT
Atmospheric Transport and Dispersion Modeling System [J]. Bulletin
of the American Meteorological Society, 2015,96(12):2059-2077.

Atmospheric  Chemistry atmosphere

Wang Y Q. Meteolnfo: GIS software for meteorological data
visualization and analysis [J]. Meteorological Applications, 2007,14(2):
117-129.

Zhang B Y, Zhao B, Zuo P, et al. Ambient peroxyacyl nitrate
concentration and regional transportation in Beijing [J]. Atmospheric
Environment, 2017,166:543-550.

Wei W, Zang J, Wang X, et al. Peroxyacetyl nitrate (PAN) in the
border of Beijing, Tianjin and Hebei of China: Concentration, source
apportionment assessment  [J].

and photochemical pollution

1]

[32]

[33]

[34]

[33]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[43]

Atmospheric Research, 2020,246:105106.

Polissar A V, Hopke P K, Harris J M. Source regions for atmospheric
aerosol measured at Barrow, Alaska [J]. Environmental science &
technology, 2001,35(21):4214-4226.

GB 30952012 FREEAibrndt [S].

GB 3095-2012 Ambient air quality standards [S].

QiuYL,MaZQ, Lin WL, et al. A study of peroxyacetyl nitrate at a
rural site in Beijing based on continuous observations from 2015 to
2019 and the WRF-Chem model [J]. Frontiers of Environmental
Science & Engineering, 2020,14(4):1-11.

Qiu Y L, Ma Z Q, Li K, et al. Markedly Enhanced Levels of
Peroxyacetyl Nitrate (PAN) During COVID-19 in Beijing [J].
Geophysical Research Letters, 2020,47(19):1-10.

Xu Z, Xue L K, Wang T, et al. Measurements of Peroxyacetyl Nitrate
at a Background Site in the Pearl River Delta Region: Production
Efficiency and Regional Transport [J]. Aerosol and Air Quality
Research, 2015,15(3):833-841.

Zeng L W, Fan G J, Lyu X P, et al. Atmospheric fate of peroxyacetyl
nitrate in suburban Hong Kong and its impact on local ozone pollution
[J]. Environmental Pollution, 2019,252:1910-1919.

J SRR B RS AT AR I KR PAN V5 3
fE [J]. SRR 5 E R, 2013,25(4):24-27.

Zhou Y, Yue D L, Zhong L J, et al. Properties of atmospheric PAN
pollution in Heshan during summer time [J]. The Administration and
Technique of Environmental Monitoring, 2013,25(4):24-27.

Wang B G, Zhu D, Zou Y, et al. Source analysis of peroxyacetyl nitrate
(PAN) in Guangzhou, China: a yearlong observation study [J].
Atmospheric Chemistry and Physics Discussion, 2015,15(12):17093—
17133.

Wang B, Shao M, Roberts J] M, et al. Ground-based on-line
measurements of peroxyacetyl nitrate (PAN) and peroxypropionyl
nitrate (PPN) in the Pearl River Delta, China [J]. International Journal
of Environmental Analytical Chemistry, 2010,90(7):548-559.

Zhang L, Jaffe D A, Gao X, et al. A quantification method for
peroxyacetyl nitrate (PAN) using gas chromatography (GC) with a
non-radioactive pulsed discharge detector (PDD) [J]. Atmospheric
Environment, 2018,179:23-30.

LaFranchi B W, Wolfe G M, Thornton J A, et al. Closing the peroxy
acetyl nitrate budget: observations of acyl peroxy nitrates (PAN, PPN,
and MPAN) during BEARPEX 2007 [J]. Atmospheric Chemistry and
Physics, 2009,9(19):7623-7641.

Deolal S P, Henne S, Ries L, et al. Analysis of elevated springtime
levels of Peroxyacetyl nitrate (PAN) at the high Alpine research sites
Jungfraujoch and Zugspitze [J]. Atmospheric Chemistry and Physics,
2014,14(22):12553-12571.

Deolal S P, Staehelin J, Brunner D, et al. Transport of PAN and NO,,
from different source regions to the Swiss high alpine site
Jungfraujoch [J]. Atmospheric Environment, 2013,64:103-115.

Yuan J, Ling Z H, Wang Z, et al. PAN-Precursor Relationship and
Process Analysis of PAN Variations in the Pearl River Delta Region [J].
atmosphere, 2018,9(372):1-16.

Vingarzan R. A review of surface ozone background levels and trends

[J]. Atmospheric Environment, 2004,38(21):3431-3442.



6 3] BRSO R U 9 SR PAN IR EERAIE L5 ORI 2503

[46] Wang T, Dai J, Lam K S, et al. Twenty - Five Years of Lower [52] Toma S, Bertman S, Groff C, et al. Importance of biogenic volatile
Tropospheric Ozone Observations in Tropical East Asia: The Influence organic compounds to acyl peroxy nitrates (APN) production in the
of Emissions and Weather Patterns [J]. Geophysical Research Letters, southeastern US during SOAS 2013 [J]. Atmospheric Chemistry and
2019,46(20):11463-11470. Physics, 2019,19(3):1867-1880.

[47] Wang Y, Wang H, Guo H, et al. Long—term Os—precursor relationships [53] Lv S, Gong D, Ding Y, et al. Elevated levels of glyoxal and
in Hong Kong: field observation and model simulation [J]. methylglyoxal at a remote mountain site in southern China: Prompt
Atmospheric Chemistry and Physics, 2017,17(18):10919-10935. in—situ formation combined with strong regional transport [J]. Science

[48] Dickerson R R, Anderson D C, Ren X. On the use of data from of The Total Environment, 2019,672:869-882.
commercial NO; analyzers for air pollution studies [J]. Atmospheric [54] Zhang HL, Xu X B, Lin W L, et al. Wintertime peroxyacetyl nitrate
Environment, 2019,214:116873. (PAN) in the megacity Beijing: Role of photochemical and

[49] Xu Z, Wang T, Xue L K, et al. Evaluating the uncertainties of thermal meteorological processes [J]. Journal of Environmental Sciences—
catalytic conversion in measuring atmospheric nitrogen dioxide at four China, 2014,26(1):83-96.
differently polluted sites in China [J]. Atmospheric Environment, [55] Zhang J W, Guo Y T, Qu Y, et al. Effect of potential HONO sources on
2013,76:221-226. peroxyacetyl nitrate (PAN) formation in eastern China in winter [J].

[50] Zhu H L, Gao T Y, Zhang J B. Wintertime characteristic of Journal of Environmental Sciences, 2020,94:81-87.
peroxyacetyl nitrate in the Chengyu district of southwestern China [J].

Environmental Science and Pollution Research, 2018,25(23):23143~ BT AT B 2R RS T R I bt . R IE L
23156. PRI FN B B R 27 38 5 AR S ISe XS RIS A5 ik ) 5 1k, TE L e .
[51] Gaffney J S, Marley N A, Steele H D, et al. Aircraft measurements of

nitrogen dioxide and peroxyacyl nitrates using luminol

chemiluminescence with fast capillary gas chromatography [J].

Environmental Science & Technology, 1999,33(19):3285-3289.

TEB BT : BETR(1994-), 22, TUREN A, BB K2 L F 9 24, 3 M
PR R T AT



